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TECHNICAL FIELD 



The present mvenhon concerns an industrial robot. More precisely the invention 
concerns a system for wireless transfer of electric power between a robot Z T 
tool earned by the robot. Preferably the power transferred is in the region™ to 
5W. EspeoaUy *e invention comprises a power supply system for eST 
power supply of such a tool comprising the use of air cored coils 



BACKGROUND OF THE INVENTION 



There are a whole lot of types of tools for robot operations. Some of them are 
simple md need only compressed air to operate. Others have a more complicated 
struchu* an need process media, such as compressed air, cooling media 
power a. well as control signaling between the robot control unit and the toT 
Normally all these media, power and control wiring are collected in one process 
cabbng whrch may be bundled in a flexible tube, m a known arrangement tSt 
blmg . arranged on the outside of the ro bot following the robot arms to thTtooT 
Smce the tool ts capable of very complex movements in order to reach a pos^n 
from aU different sides the cabbng must be very flexible to be capable of ££T 
mgftese movements. The fact is mat due to such complex twistmg and bendL 
of*e cabbng the ^dividual cable parts of me cabling are often worn out or b7 
gms to operate m fadure. The appearances of a loose contact is often difficult to 
detect and even more difficult to repair. Often the whole cabling has to bel 
placed. Besrdes, the cabling arranged on the outside of the robo, is trespassL the 
workmg space and sometimes blocking the performance of the robot. 

A known solution to this problem is the arrangement of the process cabling inside 
me robot arms, especially the upper arm. By placing the cabLg near to^mTe 
center of the rotational axes of the robot the cabling is exposed to less compU^d 
bendmg and twsting. To accomplish such solutions the upper arm of suTa 1 
bo must be specially designed. All shafts and motors have to be posirioned a wav 
oocenter axes of the robo, Still the cabUng is worn and somenmes 
twistmg movement and will sooner or later fail to operate. The presence of loosT 
contaci m only one of me parte of the cabbng causes the whole cabbng to oe rt 
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placed. The replacement of the cabling inside the robot arms is complicated and 
puts the robot out of production for a considerable time. Thus there is still a need 
of an improved supply for the tool of an industrial robot. 

A known solution to the problem of the cabling being twisted is the arrangement 
of a swivel device comprising a plurality of slip rings and contact shoes in trailing 
contact with those rings. This swivel device is often incorporated with the turning 
disc of the robot. The swivel comprises a stationary part attached to the tilting 
body of the robot and a rotating part attached to the turning disc. The tool is then 
attached to the rotating part of the swivel. The known swivel device is common 
in robot systems containing a robot with exchangeable tools. The swivel solution 
has a first drawback of adding weight and length to the upper arm. Thus the 
swivel device will harm the performance of the robot. 

15 A second drawback of the swivel unit is the contact problem of the slip rings. 

There will always be infinitesimal moments of non contact, which will disturb the 
communication with the tool. To minimize this disturbance a plurality of contact 
shoes must be arranged in parallel on each slip ring. This will allow at least one 
contact shoe in firm contact with the slip ring. The force of the contact shoe on the 

20 slip ring must be also be increased. This lead to higher friction and to a further 
decrease of the performance of the robot. The slip rings and the contact shoes 
must be made of high quality material which is expensive. The slip ring unit also 
demand a regular service. 
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Most swivel solutions are placed between the robot and the tool. The two parts of 
the swivel is not detachable but in firm rotational contact with each other. Thus in 
a system with exchangeable tools there has to be a contact interface for connecting 
the tool. This interface both have a mechanical coupling, a media coupling and an 
electric coupling. Thus even if the swivel solves the problem of the cabling being 
worn by twisting there is still a contact problem in the swivel itself or in the con- 
necting interface. 

In systems with rotational parts where electric power must be transfered from a 
stational body to a rotational body it is known the use of a rotational transformer. 
From US 5,608,771 a contact less power transfer system is previously known. The 
object of the system is to supply power to a rotational gantry in a computer to- 
mography system. Thus the power supply system comprises a rotational trans- 
former with a diameter that is sufficiently large to receive a patient. The trans- 
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former therefore has two parts separated by an air gap. Each part has a winding 
placed in a core of a magnetaizable material. 

From US 5,814,900 (Esser et al) a device for combined transmission of energy and 
5 electric signals is previously known. The object of the device is to provide electri- 
cal energy and control data between two components that are moveable in an en- 
vironment with presence of magnetic interference fields causing noise. The device 
thus contain a primary coil, a secondary coil and a core of ferromagnetic material 
and means for simultaneous transmission of control signals between components' 

10 that are adjustable, that is rotatable, displaceable, slidable or moveable relative to 
each other. The core therefore comprises a first part and a second part separated 
by an air gap. The first part carries the primary winding and is attached to a first 
component. The second part carries the secondary winding and is attached to a 
second component. Attached to each component the device also contains a first 

15 and second antenna inside the core for exchanging control signals between the 
components. The main idea for providing control signaling that is not being af- 
fected by electromechanical noise is the placement of the antennas inside the core 
and having the antennas shielded by the core of the rotating transformer. 

20 For use in transferring power to a tool of a robot this cored rotating transformer is 
far to heavy. The large core parts are expensive to produce and the ferrite mate- 
rial is very brittle. Thus this known device is unsuitable for use in harsh environ- 
ment. In an open industrial environment the exact distance between the two cores 
of the transformer cannot be guarantied. Thus a small collision force on the tool 

25 would completely destroy the effectiveness of the known transformer. 

From US 6,292,069 (Michaels et al) a further rotating transformer is previously 
known, the object of which is to transfer power and exchange signaling between a 
shaft and a rotation wheel and solving the problem of leaking energy when 

30 switching between the power transfer mode and the data transfer mode The 

transformer has two windings and a microprocessor controlled resonance circuit 
that sequentially transfer power and signals to the battery operated rotating 
wheel. Thus during a first period of time the transformer only transform power 
using the resonant circuit and during a second period the transformer only trans- 

35 fer signals without the use of the resonance circuit. This sequentially transfer of 
power necessitates the use of an electric energy storage device such as a battery in 
the receiving circuit. According to the known rotating transformer the coils are 
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pennanently mounted in close vicinity of each other and with a permanently ad- 
justed airgap that matches the resonant circuit. nnanently ad- 
mit T^n *f ° f m rob °' ** *« *— »— aug- 
ment offte Utter document is inconvenient because me need of a battery mat 

makes ft. tool heavier. Alftough no. addressed in fte document the dJLZbe- 

£Z£ f T J" t0 b£ dOSe " d StaWe ^ *° *• '~ ^t 
Furthermore for htgher power levels and at the proposed frequency range fte 

£zr tt* resonani operaHon — ta si — ^nS: ^d 

modulation whtch are not allowed by regulations due to disturbance of RFID (ra - 
dto frequency identification), communication and radio equipment 
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Thus, there is a n^d wiftin fte robot industry for a system for powering a too! 
that is simple, robust and allow an easy exchange of tools. 
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SUMMARY OF THE INVENTION 

A primary object of fte present invention is to provide a wireless power supply 
fcra tool of an mdustaal rebot ftat overcomes fte drawbacks of taown subsys- 
tems A secondary object is to provide a separable and robust power supply sys 
tem for an industrial robot with exchangeable tools. "PPiysys 

Thte object is achieved according to fte invention by a powe,; suppty system ac- 
centing to fte features in fte characterizing part of fte independent claimTa^d 
by a method according to the features in the characterizing part of fte indeed 
ent clarm 10. Preferred embodiments are described in fte d^endLt.^ 

According to a first aspect of fte invention these objects are achieved by a power 

the mdustnal robot and a receiving part attached to fte tool. The transmitting 

£2 T * 3 ** C ™ r fM Pr0dud "8 « *"~g mag- 

netic field from fte cod. The magnetic field is generated continuously and pref- 
erably wtft an ideal sinusoidal wave shape. The receiving part compos a ^- 
ond cod for recetvmg by induction from fte magnetic field an alternating current 
and a second converter for producing a direct current ,o fte tool. To buddTT 
strong magnetic field with a low power rated converter fte current in the firs, cod 
by a resonance circuit in fte first converter. Since fte 
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nance circuit is dependent on the distance between the two * 
circuit is sensing the circuit impedance and 

the resonance of the maenetir Lw chan 8?ng *e frequency to withhold 

verter is matching e^fof^L * * ^ C °~ 
i quency of the resonancTdrc^ ™ t0 

Byarrangmgmetransnuttingpartontheindustri,,!^ * ^ 
on ». tool the additional we ^ t to J ^^C^r ^ ^ 
pared ,o a traditional system with cables or involvLg 7 P Zt Z^T T 
dtnalerecaonorthe tool interface is te pt smaller titan 

According to a second aspect of the invention ti^« v , 

method a direct current from a robot control urut is co" to a 

current for feeding a first coil attached to the robot to «»«i»tmg 

carrying the power. A second coU receives 1^^ ^ 

ducHon an alternating current whi^Z 7 ^ T *"* FmdUCe ^ 

tool to transform the altoZL™ ****** ta 

with electric power. The J^^^^^™* 

nance circuit ,o produce a strong ^^^,7? 3 "~ 

produce a strong Md g ta ^Ti^rcoTJr^t:z d : to 

fenred power. The resonance circuit is also ™H. 7v. ° e ' Vm8 me trans " 

To build up a strong magnetic field the current in the (W ™u • • 

ranging a resonance circuit in the first coTe^ Smce^n ^ ~ 

dependent on the distance between ti^Z'lt 1 """"" ^ * 

Planes and rotatmg coaxiaHy. Since the tools is detachable and meZ^lg 
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permanently mounted coils According m * Wlth a 'J™*" with two 

circuit including the coils In a svstemw^ acrom P»«d by a resonant 

easy task but when the ^7^^^ "* "* * « 

time and by different took fte^an^T t*" 8 fe *™#>* in 
adjusting capability will alaoad^T r^T ' "fr"** ^ «" 

the resonance circuit chanees th« ,1 *"* Parameter in 

pedance or the fequenX^tX^ 7"" *" "* «*- *« ^ 

q ncy to mamtain a great current flow in the first co* 

and are preferably arran^ E pa^pZ^T " 3 ° f 

and comprises any two JLenSo ° *" ^ " """^ 

forms a loop. In one emboduZ,!^ * re ^ dmenslo «al embodiment that 

the winding; are tf^ST f FT *"* ^ '*"» 

20 bodiment the winding comoriseTd^ / *" b °* rf - to ariother am " 

flexible. The coil m this embodiment is formed 1^ , ? attachment "'an, are 
winding containing a wire By fhistTht, v P X °" e ° r 3 pluraUt y of 
force from a collision ^eTretunmttT t °°" * « ° f abaOTb »S a 
25 ^coUmaybecoveredbra^:"^^^^ 

ZXtg!^ 

/ a Lumputer program contains instructing 
perform the method as described above In m ?! Processor to 

gram is provided on a computer readal 9B *«™>* computer pro- 
>S embodiment of the mvenfiTfe Z^. such as a CD rom. In another 

netwoncsuchasmeln^:^ £££"£1 dad * laa * * P-* a 
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cerise a wireless system, , ^ rontart ^ Q[asm ^ ^ ^ ^ 

m another preferred embodiment of the invention only the first coil is arranged 
coaxrany w,th me longitudinal axis of the tool. The coil comprises one or aTal- 
.ty of wmdmgs as described above. The second coil in .his embodiment compos 
a small eccentncaUy positioned ferrite core mat will "sniff- around me teST 
The ferrite core will ampfify the leakage field near the first coil. 

board (PCB) The core comprises a simple cylinder or cube shaped body. In a pre- 
ferred embodiment me core comprises a V-shaped or a U-shaped body 

Prefelred emb ° diment of *» Mention the operation of the second 

^„t eP0 T T lem , iS aIIan8ed ** ^ ad,US,able ~* b ^vior. The 
resonant crcutt » then adjusted »o me frequency of me magnetic field in order to 

m™ the power transfer. In a further embodiment also^sonant tuning ro a 
ai: / tr:l fre ™ ma5 ' beaPPliedbyC — MnScapLtors 

BRIEF DESCRIPTION OF THE DRAWINGS 



Other features and advantages of the present invention will become more appar- 
en. to a person polled in the art from the following detailed description in con- 
25 junction with the appended drawings in which: ' 

mventon? ^ ""y^* * ^ 5UPpIy aCcordin S to «- 

FIG 2 is a brief sketch of a power supply system according to the invention 
30 and 3 " 3 brief "** ° f an ° ther embodtaent ° f •» P°"« -PPty system, 

FIG 4 is a coil arrangement according to the invention. 



15 



WO 2004/112216 

8 PCT/SE2004/000878 

DETAILED DESCRIPTION OF THE INVENTION 
An industrial robot 1 according the invenfi™, • 

carries a stand 3 rotatably «j£ ^T>ZZ f V*** 
robot a™ 4 rotatably arranged Lund a aeconTaxT^ T^T T ' ** 
second robot a™ 5 rotatably arranged around a ^L^^Z T" \ 
comprises an inner arm part 5a and an outer arm 3 ^rf ^ 5 

ries the o* arm part, which is «W*CZ£E1^T ~ 

the power supply system 10 according to fig 2 comprises a first part 11 and 
second part 12. The first part is attached to the industrial rob« »1 1 
part is attached to the tool 8. The first part com^Tst^ 

-^onvLerl 6 to^ 

me second par. are rotatably arranged side by swl^ft each omL ^ "* 
less manner. According to the invention the L paTu of 3 COWaCt " 

great magnetic field which will carrv the JJLT * P ereCtil>S a 

"f^^ta^dacomputorprognitormXgX^ 

transfered m m^^ t ~ °' Power 

rent for the power suppT™^ *" P ^ * 

ply in fig 2 mu^Zm- fi "f ^ " "* * e P° w « ~P" 

py m ng ^ thus mcludmg a first converter 13 and a first coil 14. The second 

12ofthepower supply comprises m m^ embodiment a second ^^6^ 
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a small* coil ^19 in me periphery of the firs, coU 14. To strengthen the capabilitv 

pnses a core 20 of ferromagnetic material. This embodiment of the mventi™ « 
speaauy useable with tool arrangement mat do no. allow the ring fZe^T 
rangement as presented in fig 2. 8 ed 0011 ar ~ 

In one embodiment of the invention, according to fi» * th. ~.i 

ormmg the coil. The printed board also comprises a second ££££5L 
layer 23 on me back. A wire 24 is soldered on each side of me™, boardf* 
connecting me first conducting layer with the second condu^ngC W 
formrng from the layers on each side a coil with a plurality of wtadJngs ^c 
prmted orctut board may conveniently be fastened with braZton ?' , 

alternative embodiments of the invention h<«™k ^ u " aersto °d various 
ing the invention. It is intend^ SZ*^ * Pn,CtiC - 

their equivalents be covered therphv tk„o *u • . claims and 



